The tricyclic antidepressant amitriptyline is the only drug with prophylactic efficacy for chronic tension-type headache. However, amitriptyline is only moderately effective, with headache reduction of approximately 30%, and treatment is often hampered by side effects. Mirtazapine is a relatively new so-called noradrenergic and specific serotonergic antidepressant, which is more specific and therefore generally better tolerated. Objective: To evaluate the efficacy of mirtazapine. Methods: Twenty-four nondepressed patients with chronic tension-type headache were included in a randomized, double-blind, placebo-controlled, crossover trial. All patients had tried numerous other treatments. Mirtazapine 15 to 30 mg/day or placebo was each given for 8 weeks separated by a 2-week wash-out period. Results: Twenty-two patients completed the study. The primary efficacy variable, area-under-the-headache curve (AUC; duration ϫ intensity), was lower during treatment with mirtazapine (843) than during treatment with placebo (1,275) (p ϭ 0.01). Mirtazapine also reduced the secondary efficacy variables headache frequency (p ϭ 0.005), headache duration (p ϭ 0.03), and headache intensity (p ϭ 0.03) and was well tolerated. Conclusions: Mirtazapine reduced AUC by 34% more than placebo in difficult-to-treat patients. This finding is clinically relevant and may stimulate the development of prophylactic treatments with increased efficacy and fewer side effects for tension-type headache and other types of chronic pain.
and it is one of the primary headaches most difficult to treat. 3 Prophylactic pharmacologic therapy should be considered if nonpharmacologic management is inadequate. The tricyclic antidepressant amitriptyline is the only drug with prophylactic efficacy for chronic tension-type headache. 4, 5 However, amitriptyline is only moderately effective, with a reduction of headache index of approximately 30% compared with placebo, and the treatment is often hampered by side effects. 6 The exact mechanism(s) by which amitriptyline exerts its analgesic effect is unknown. In addition to several other actions, amitriptyline blocks the neuronal reuptake of serotonin (5-hydroxytryptamine ) and noradrenaline, thereby increasing the concentration of these transmitters in the neuronal synapse. 6 This has been assumed to play an essential role for the analgesic effect of amitriptyline. The selective 5-HT reuptake inhibitors (SSRIs) have been tested in various chronic pain conditions including tension-type headache, 4, 7 mainly because of their favorable side effect profile. These trials have convincingly demonstrated that the SSRIs have no or only limited analgesic effect. 6, 8, 9 It is therefore likely that increased activity of both 5-HT and noradrenaline is needed to obtain a clinical relevant analgesic effect.
Mirtazapine is a relatively new so-called noradrenergic and specific serotonergic antidepressant. 10 Mirtazapine blocks ␣ 2 -adrenergic receptors on noradrenergic and serotonergic presynaptic neurons, which results in increased serotonergic and noradrenergic neurotransmission. 11 The drug is more specific and therefore generally better tolerated than the tricyclic antidepressants. 12 In a pilot study, we found mirtazapine to be effective in tension-type headache with only few adverse events (unpublished data). We sought to evaluate the prophylactic effect of mirtazapine in patients with chronic tension-type headache.
Methods. Patients. Twenty-four patients with chronic tensiontype headache diagnosed according to the criteria of the International Headache Society 13 were recruited from the outpatient headache clinic at the Danish Headache Center, Glostrup Hospital, University of Copenhagen, Denmark (figure 1). Patients were recruited between February 2002 and July 2002, and the trial was completed on November 6, 2002. The patients underwent a general and a neurologic examination, including 12-channel EKG, and completed a diagnostic headache diary 14 during a 4-week run-in period.
The inclusion criteria were a diagnosis of chronic tension-type headache and age between 18 and 65 years. Women of childbearing potential had to use adequate contraceptive measures throughout the study. The exclusion criteria were history of migraine of Ͼ1 day/month during the last year, serious somatic or psychiatric diseases including depression (Hamilton Depression Scale score of Ͼ17), 15 previous treatment with mirtazapine, abuse of simple analgesics (corresponding to Ͼ50 g of aspirin/month), regular intake of opiates or benzodiazepines, and intake of pro-phylactic headache medication. Thus, prophylactic headache medication was not taken at least 8 weeks before recording of the efficacy variables. All patients gave written informed consent to participate in the study, which was approved by the regional ethics committee and National Board of Health and conducted in accordance with the Declaration of Helsinki. The patients were informed that the study included placebo periods, but no further information about the study design was given.
Study design and medication. The study was designed as a double-blind, placebo-controlled, crossover trial. Following a 4-week run-in period, the patients were randomly allocated to start treatment with either active drug or placebo. The allocation sequence was generated by the Central Pharmacy in Copenhagen County. Randomization was done in blocks of six patients. Active drug and placebo were each given for 8 weeks, and the treatment periods were separated by a 2-week wash-out period (figure 2).
The study medication was tablets containing 15 mg of mirtazapine (Remeron; Organon, Skovlunde, Denmark) and placebo. In the first week of treatment with mirtazapine, the patients received 1 tablet of active drug and 1 placebo tablet, and in weeks 2 to 8, they received 2 mirtazapine tablets corresponding to a daily dose of 30 mg. During the 8 weeks of treatment with placebo and during the wash-out periods, the patients received a daily dose of 2 placebo tablets. However, the patients were allowed to take only 1 tablet daily if they experienced intolerable side effects. The patients thus received 1 or 2 tablets daily during all 18 weeks of treatment. All tablets had identical look and taste, and the patients were told to take the tablets 2 to 3 hours before bedtime.
Recording of efficacy variables. Throughout the study, the patients kept a headache diary with recordings of headache intensity, headache duration, intake of analgesics, and side effects. Intensity was recorded on an 11-point verbal rating scale (0 to 10), where 0 indicated the headache-free condition, 5 indicated a moderate headache, and 10 indicated the worst headache imaginable. In addition, localization and quality of the headache, whether the headache was aggravated by physical activity, and presence or absence of nausea, photophobia, and phonophobia were recorded.
Clinical visits. Follow-up visits were performed at 4-to 5-week intervals (see figure 2) . At each visit, the headache diary was checked, medication supplies were handed over, side effects reported by the patients were recorded, and compliance was tested by a check of the returned packages and by counting the returned tablets, if any.
Evaluation of efficacy. The efficacy variables were determined in advance. The primary efficacy variable was the areaunder-the-headache curve (AUC) recorded in the last 4 weeks of each treatment period. AUC was calculated as the sum of the daily recordings of headache duration ϫ headache intensity. To evaluate the time course of headache improvement, the improvement in AUC compared with baseline was calculated for each week of treatment as (mean AUC for the 4 weeks of run-in [baseline]) Ϫ (AUC for each of the 8 weeks of mirtazapine and placebo treatment). The efficacy of mirtazapine compared with placebo was calculated as follows: efficacy ϭ (1 Ϫ AUC mirtazapine / AUC placebo ) ϫ 100%. As previously, 16, 17 patients were defined as responders if the AUC was decreased by at least 30% during the last 4 weeks of active treatment compared with placebo; in other words, if efficacy was at least 30%.
Secondary efficacy variables were 1) headache frequency in the last 4 weeks of each treatment period, 2) headache duration in the last 4 weeks of each treatment period, 3) mean headache intensity per headache day in the last 4 weeks of each treatment period, and 4) number of analgesics doses, equivalent to 500 mg of aspirin, consumed in the last 4 weeks of each treatment period. In addition, the number of patients reporting side effects in each treatment period was recorded.
Statistics. Sample size calculations were based on an expected standard deviation of the primary efficacy variable of 40%, whereas 25% was considered a clinically relevant difference between active and placebo treatment. With 80% power and 5% level of significance, sample size was calculated to 20 patients. 18 To obtain this, 24 patients were included.
The Shapiro-Wilk test was used to determine whether the data were normally distributed. Data that were not normally distributed were presented as median values with quartiles in parentheses and tested with nonparametric statistics. Data that were normally distributed were presented as means and tested with parametric statistics. Patients who dropped out of the study were excluded from the analyses except when calculating side effects. Wilcoxon signed rank test was used to test for differences between active treatment and placebo. Migraine days were excluded from the analyses. A possible carry-over effect was tested for by comparing mean AUC recorded in periods where mirtazapine was followed by placebo with mean AUC in periods where placebo was followed by mirtazapine by means of Mann-Whitney U test. 18 A possible time-period effect was tested for by comparing the difference in AUC in periods where mirtazapine was followed by placebo with the negative difference in AUC in periods where placebo was followed by mirtazapine. 18 Comparison of the number of patients reporting side effects was done by McNemar test. Spearman test was used for calculation of correlation coefficients (R). Twosided p values were calculated, and significance was accepted at the 5% level.
Results. Study population. Twenty-four patients were included (see figure 1) . Four patients reported coexisting infrequent migraine (Ͻ1 day/month) during the last year, whereas 20 patients never had had migraine. All patients had previously tried numerous treatments for tension-type headache and had experienced frequent headaches for many years. Ten patients had previously been treated with amitriptyline without effect. By coincidence, as many men as women were included, contrary to what is usually seen. During 8 weeks of treatment with active drug, four patients had from 2 to 5 days with migraine, and during placebo, the same four patients had from 1 to 4 days with migraine. Two women ages 39 and 49 dropped out during active treatment because of side effects (see below). Because of side effects, two patients took only 1 tablet daily for some of the days during both active and placebo treatment, whereas one patient took only 1 tablet daily for a few days during placebo treatment only. Thus, 20 patients took 30 mg of mirtazapine daily and 2 patients took 15 to 30 mg of mirtazapine daily during weeks 2 to 8. The codes were not broken before complete data analysis. Detailed clinical information about the 22 patients who completed the study is presented in Figure 3 shows the improvement of AUC over time for active and placebo treatments. There was no carry-over effect (p ϭ 0.54, Mann-Whitney U test) or time-period effect (p ϭ 0.92, Mann-Whitney U test). During the last 4 weeks of treatment with mirtazapine, 10 of 22 patients improved by at least 30% compared with placebo; that is, 45% could be termed responders. Two of the four patients who also had migraine were responders; that is, the presence or absence of migraine did not seem to influence efficacy. There was no difference in efficacy between the 10 patients who previously had been treated and the 12 patients who never had been treated with amitriptyline for headache (p ϭ 0.51, Mann-Whitney U test), and there was no difference in efficacy between women and men (p ϭ 0.77, Mann-Whitney U test). There was no correlation between Hamilton Depression Scale score and efficacy of mirtazapine (R ϭ Ϫ0.05, p ϭ 0.81, Spearman test).
Treatment efficacy: secondary variables. Table 2 presents the secondary efficacy variables. Mirtazapine reduced headache frequency (p ϭ 0.005), headache duration (p ϭ 0.03), and headache intensity (p ϭ 0.03) significantly more than placebo (Wilcoxon signed rank test). There was no difference in intake of analgesics between mirtazapine and placebo.
Side effects. Two patients dropped out during active treatment because of side effects (see figure 1) . One woman dropped out in week 1 because of drowsiness and dizziness, and one woman dropped out in week 7 because of weight gain.
More patients reported drowsiness, dizziness, and weight gain during treatment with mirtazapine than placebo, as expected, whereas more patients on placebo had irritability (table 3). The differences in reports of side effects between active and placebo treatments did not reach significance.
Discussion. The most important finding of the current study was that mirtazapine had a significant effect in the prophylactic treatment of chronic tension-type headache. Mirtazapine reduced the primary efficacy variable, AUC, by 34% compared with placebo; that is, the therapeutic gain was 34%. Mirtazapine also significantly reduced most of the secondary efficacy variables, namely, headache frequency, headache duration, and headache intensity. Intake of analgesics was very low in the examined patients, with no significant difference between active and placebo periods. The patients were not depressed, were all treatment resistant (including treatment with amitriptyline for nearly half of the patients), and had had chronic tension-type headache for many years. In this difficult-to-treat group, the treatment response is considered satisfactory, clinically relevant, and highly interesting.
To our knowledge, this is the first randomized, placebo-controlled, double-blind trial of mirtazapine 19 Case reports of patients with migraine, 20 cluster headache, 21 and low back pain 22 have also suggested mirtazapine to be effective.
The efficacy of mirtazapine found in the current study was of the same magnitude as that reported for amitriptyline. 6 Thus, the therapeutic gain was approximately 30% in the two most recent prophylactic trials of amitriptyline in chronic tension-type headache. 4, 5 However, comparative studies are required to make conclusions about the analgesic efficacy of mirtazapine compared with that of other antidepressants.
There was no significant difference between frequency of side effects during active and placebo treatment, but there was a clear tendency to increased occurrence of the well-known side effects of mirtazapine under active treatment, namely, drowsiness, dizziness, and weight gain. The lack of significant difference is probably due to the small number of patients. Only two patients dropped out of the study because of side effects. We consider this very satisfactory compared with other prophylactic headache trials. Three patients chose to take only 1 tablet daily, that is, 15 mg of mirtazapine or placebo, for a limited period, equally distributed between placebo and active periods. It can be concluded that mirtazapine was well tolerated.
This study has important clinical implications. Given the convincing evidence of effect of amitriptyline in tension-type headache 6 as well as other chronic pain conditions, 8 amitriptyline should remain the first choice for tension-type headache until the efficacy of mirtazapine has been confirmed by other studies. However, in patients who cannot tolerate or have an insufficient response to amitriptyline, mirtazapine should be the next choice. Mirtazapine has a substantial antihistaminergic effect that may cause sedation, increased appetite, and weight gain. 23 Mirtazapine is considered to have a good tolerability and safety profile 24 and a low propensity for drug interactions. 25 It appears safe in overdose. 26 Its half-life of 20 to 40 hours 27 makes it suitable for once-daily bedtime dosing. 26 Apart from the immediate clinical implications, these results have importance for the understanding of the antinociceptive mechanisms of antidepressants. The many actions of the tricyclic antidepressants, together with the incomplete knowledge of headache 28 and chronic pain pathophysiology, have for decades made their mechanism of action puzzling. 6, 8 The analgesic effect of amitriptyline seems unrelated to its antidepressant effect. 3, 29 Amitriptyline inhibits the presynaptic reuptake of 5-HT and noradrenaline in the CNS, thus potentiating the activity of these neurotransmitters. Beyond this, amitriptyline is a potent blocker of muscarinic cholinergic receptors, H 1 -histamine receptors, ␣ 1 -adrenergic receptors, and several 5-HT receptors (e.g., 5-HT 2A receptors), whereas the affinity for ␣ 2 -adrenergic receptors is low. 11, 30 With prolonged treatment, amitriptyline may decrease ␤-adrenergic receptor density and may down-or up-regulate several receptor systems, for example, ␥-aminobutyric acid, The p values are given from Wilcoxon signed rank test of differences between treatment with mirtazapine and placebo (n ϭ 22). Median values with quartiles in parentheses are presented.
VRS ϭ Verbal Rating Scale (0 -10). No. of patients reporting one or more side effects 24 18 There were no differences in the occurrence of any of the listed adverse effects (p Ն 0.13), or in the number of patients reporting one or more adverse effects (p ϭ 0.39) between treatment with mirtazapine and placebo (McNemar test). n ϭ 24.
adenosine, and 5-HT receptors. Moreover, amitriptyline potentiates the effect of endogenous opioids 31 and may act as an NMDA receptor antagonist. 32 Of these actions, the effect on central pain pathways via inhibition of 5-HT and noradrenaline reuptake, interaction with 5-HT receptors, and potentiation of endogenous opioids or attenuation of central sensitization via NMDA receptor antagonism have been considered of particular importance for the analgesic effect. 33 In addition, amitriptyline may have peripheral analgesic actions. 16, 34 We previously demonstrated that the highly selective 5-HT reuptake inhibitor citalopram has no clinically relevant effect in tension-type headache. 4 As citalopram inhibited 5-HT reuptake more than amitriptyline in these patients, 35 5-HT reuptake inhibition alone cannot explain the analgesic effect of amitriptyline.
Assuming that mirtazapine and amitriptyline act through similar mechanisms in headache, the more selective mode of action of mirtazapine makes it possible to narrow the search for the analgesic mechanisms of antidepressants. Mirtazapine does not block amine reuptake but increases noradrenergic and serotonergic neurotransmission via blockade of presynaptic ␣ 2 -adrenergic receptors, and mirtazapine selectively blocks 5-HT 2 -and 5-HT 3 -type receptors.
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The result is a selective stimulation of the postsynaptic 5-HT 1 -type receptors. Moreover, mirtazapine has a high affinity for histamine H 1 receptors and may modulate the opioid system. The antihistaminergic effect of mirtazapine may play a role by improving sleep. 23 A recent animal study reported an antinociceptive effect of mirtazapine in the hotplate test mediated through serotonergic, noradrenergic, and opioid mechanisms. 36 Other important questions, for example, whether mirtazapine may counteract central sensitization or have a peripheral analgesic effect, have, to our knowledge, not been investigated. It is hoped that the positive result of this study will stimulate more basic animal and human studies to clarify the analgesic mechanisms of mirtazapine. This may lead to new treatments with increased efficacy and fewer adverse events.
The major limitation of the current study was the limited number of patients examined. The crossover design provides an acceptable power, but the generalization of the results would be improved by examining more patients. Therefore, more studies are needed, preferably from other headache centers, to finally conclude that mirtazapine is effective in tension-type headache. This study does not reveal the optimal dose of mirtazapine or the duration of treatment before efficacy can be seen. Figure 3 indicates that the difference between mirtazapine and placebo became clinically significant from week 4, that is, after 2 weeks on the final dose of mirtazapine, but it was not the primary efficacy variable in this study. Moreover, the long-term efficacy of mirtazapine should be investigated.
